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光定量 PCR 对琼脂糖液滴内 RT-PCR 扩增效率进行表征，实验结果表明在这种





































With the advantage of low sample consumption, rapid analysis, high sensitivity and 
high-throughput, droplet microfluidic has become an important  single molecule 
detection method in the field of chemical analysis. In this work, a microfluidic device 
for performing single copy, emulsion Reverse Transcription Polymerase Chain 
Reaction (RT-PCR) within agarose droplets is presented. 
To achieve highly efficient and high-throughput single molecule/cell detection, a 
ultra-low gelling Sigma A256 agarose solution was used as the aqueous phase. A 
two-aqueous-inlet emulsion droplet generator was designed and fabricated to produce 
highly uniform monodisperse picoliter agarose emulsion droplets with RT-PCR 
reagents in carrier oil. After droplet generation, droplet was collected for RT-PCR 
amplification reaction. As the reverse primer was grafted to a linear polyacrylamide, 
the homogeneity of the agarose RT-PCR solution provides no negative effects such as 
steric hindrances and charge repulsion associated with solid support microbeads. After 
RT-PCR, the amplification products were trapped in the each agarose gel bead by 
cooling agarose droplet. After stained with SYBR Green dye, these agarose 
microbeads were then analyzed by fluorescence microscopy or FACS, which is faster 
and more precise. Besides, we explore the feasibility of single molecule PCR 
amplification reaction in sodiumalginate, carboxymethyl cellulose sodium and 
polyacrylamide microspheres. 
Specific research contents and results are as follows: 
In chapter two, a two-inlet glass microfluidic chip was designed for agarose droplet 
generation. After the hydrophobic modification of the glass channel, uniform and 
controllable-sized agarose droplets were produced by injecting ultra-low gelling 
agarose solution as two aqueous phase into a mixed silicone oil to form water-in-oil 
emulsion on the chip. After the droplet generation, the two aqueous can mixture very 
















droplets, 30 RT-PCR cycles was conducted and the agarose droplet can still be able to 
maintain a good monodispersed. By cooling and removing oil, the agarose microbeads 
can keep a good mechanical strength which is suitable for subsequent flourescence 
microscopy and flow cytometric analysis.  
In chapter three, we demonstrate for the first time, the use of agarose droplets for 
performing single molecule eRT-PCR and apply flow cytometry to demonstrate single 
copy RNA amplification. In previous work we have developed the use of microfluidic 
droplet generators to produce highly monodisperse agarose droplets for emulsion PCR 
(ePCR). Based on the work, we have established a single molecule emulsion RT-PCR 
within agarose droplets. Using a linear polyacrylamide instead of agarose 
macromolecules as a primer grafted carrier, not only effectively avoid the low PCR 
efficiency caused by amplifying on the solid surface of magnetic beads in the 
BEAMing method, but also greatly improve the coupling efficiency of the primer. The 
coupled primer does not affect the amplification efficiency. After droplet generation, 
reversed transcription reaction and PCR are performed within agarose droplets. 
Subsequently the agarose beads are analyzed by flow cytometer for a range of 
different copy numbers per droplet. Q-PCR results of the 1.5 copy per droplet 
amplification products showed that RT-PCR efficiency within the agarose droplet can 
be up to 80.1%.  
In chapter four, based on the work of chapter three, single cell gene expression 
study was then carried out with two different cell lines each expressing a different 
level of Epithelial cell adhesion molecule (EpCAM). EpCAM is overexpressed in 
most solid cancers and it has recently been identified as a marker in cancer stem cell. 
In this study, two different cells (Kato III cell and MDA-MB-231 cell) which have 
different EpCAM expression levels were used as the targets for single cell RT-PCR in 
agarose droplets. After droplet generation, single cell, RT-PCR mixture and cell lysis 
buffer were wrapped into the same agarose droplet. After cell lysis, RT-PCR were 
performed on the resulting droplets, the droplets were cooled to form agarose beads. 
The oil was removed by washing, after which the beads were stained with SYBR 
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